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EDITOR’S NOTE

The primary object which has been sought in the
preparation of this series of text-books on physiology
and hygiene is the establishment of those hygienic
habits which are basal to personal wholesomeness and
efficiency. It is recognized that mere knowledge of an
intellectual character is ineffective. We all know much
better than we do. Only that knowledge is effective
which is related to doing, —knowledge which we actu-
ally put into practice. The effect of knowledge upon
action is an important, even if not the ultimate, criterion
of its value. It is relatively useless to teach children
about the body, unless the teaching is done in such a way
as to lead them to desire to form their lives accordingly.

Habits are established not merely or mainly as the
result of intellectual conceptions. Our daily habits are
to a large extent a social inheritance from the customs
of those among whom we grow up. This is true regard-
ing the forms of our speech, the character of our cloth-
ing, habits of social intercourse, and the like, and it is
not less true in the forming of hygienic habits.

The main object, then, in this series is to introduce

that atmosphere, both of intellectual comprehension and
v

182494



\
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social custom, which shall result in the unconscious as
well as the conscious development of the individual in
these directions. An attempt is made to accomplish this
through the different volumes of this series, though the
method pursued differs somewhat with each volume.

(1) During the first three years of school life, in
which the instruction is entirely oral, the most impor-
tant aspects of personal hygiene are those which are
taught not as theoretical lessons but as personal
experiences. Cleanliness of hands and face, and of
clothing and the room, freshness of the air, tempera-
ture, — these are taught not so much by formal lessons
as by the teacher insisting that the pupils be clean,
that their clothing be repaired and in order, that the
room be clean, comfortable, well ventilated, etc. These
matters should, of course, be called to the attention of
the pupils as well as carried out in practice. The per-
sonal cleanliness and neatness of dress of the teacher
are, of course, predominant factors in this whole matter.

'(2) The volume entitled Good Healt) was written for
the fourth grade. In this a general view is taken of
the subject. Scarcely any anatomy and relatively little
physiology are given, the main contents of the book
consisting of concrete and interesting facts relating to
pure air, tobacco, cleanliness, sleeping, eyesight, alcohol,
hearing, finger nails, hair, care of the nose and teeth,
and eating.
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(3) The second volume in the series, Emergencies, ap-
proaches the subject of the formation of habits from the
standpoint of the emergencies which come to children.
Many of the same subjects are treated here that are dis-
cussed in the other volumes of the series, but from this
special standpoint. The skin is discussed, not from the
standpoint of general health or cleanliness, but from that
of blisters and burns. The habits that it is desirable
for children to form with reference to conduct during
emergencies form the subject-matter of the year. It in-
cludes many of the topics that are ordinarily discussed
under the subject of physiology and hygiene, but they
are presented from this special point of view,— a point
of view that is new to the child.

(4) The volume Zown and City, which is prepared for
the sixth year of school life, presents the subject of
hygiene from the standpoint of the community, and
habits of action which have a social bearing are dis-
cussed, — the results of overcrowding, clean streets, gar-
bage, ashes and refuse, parks, playground, public baths,
water supply, preventable diseases, food inspection, epi-
demics, vaccination, tuberculosis, city health and alcohol,
microbes and disease. These are all topics in which in-
dividual action is involved. In all of them the relation
and special emphasis are with reference to the state.
The book is thus made an agency for the formation of
habits having a community bearing. -
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(5) The fourth volume, 7%e Body at Work, which is
intended for the seventh grade, covers somewhat in
detail the subjects ordinarily covered in the standard
physiologies, but the emphasis is laid on the training of
the body for efficiency. Thus much is said concerning
the importance of good posture and how to secure it;
how one trains the muscles of the body that they may
be efficient, enduring, and strong; the nature and char-
acteristics of useful exercise; how digestion is most
efficiently carried on. The whole point of view con-
cerns the training of the individual to most efficient
bodily conduct. It relates particularly to the large
physiological functions of digestion, circulation, nutri-
tion, and respiration.

(6) The closing volume of the series relates directly
to the establishment of habits themselves. The title of
the book is Control of Body and Mind. In this book is
discussed with some detail how habits are formed, not
so much as a theory, but as an experience; how habits
are broken, fatigue, the wholesome development of the
brain and the spinal cord, the freedom which well-
ordered habits give to the person who has them, the
nerve endings and their care, etc. The whole purpose
of the book is to give the individual that information
which is related to the establishment of wholesome
habits, particularly wholesome habits which shall be
effective in the control of conduct.















INTRODUCTION

In the following pages emphasis is laid on function
rather than on structure, on bodily health rather than on
the mere mechanical operation of bone, muscle, gland,
and tissue. So much of structure is, however, included
as is necessary to show that we are personally respon-
sible for the kind of service which we receive from the
organs of the body; and that we are equally responsible
for the habits of bone and muscle which determine the
physical representation of ourselves to others.

Attention is drawn to right and wrong habits of sit-
ting, of standing, and of walking; to the relation of the
school desk to spinal curvature; to laws of growth,
through the knowledge of which correct habits of pos-
ture may be secured; to the value of physical exercise
as an aid to general health; to the development of mus-
cular vigor and to the renewal of tissue through food
and exercise.

By natural transition the work of the muscles leads to
a study of the source of their energy,~— the blood. Sim-
ple tests easily applied, acquaint the reader with the
cause of rapid and slow heart beat, with methods of

training the heart to increased power, with reasons
xiii
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why an untrained heart should not be overtaxed, with
the work of the lymphatics and the nature of the ex-
changes made between lymph and plasma. The insidi-
ous effects of alcohol on the heart and on the entire
circulatory system is emphasized.

Certain conditions of breathlessness are discussed,
and reasons are given for the statement that a man
runs as much with his heart and with his lungs as
with his legs. In natural sequence, this explanation
involves not merely the structure and the function of
the lungs but also a study of the exchange of gases
both in the tissues and in the air sacs.

The notable experiments of Professor Chittenden
with United States soldiers in New Haven, and of
Dr. Cannon with cats in the Harvard Medical School,
necessarily add a touch of picturesque reality to the
otherwise prosaic subject of digestion. At the same
time these experiments serve to illustrate the action
of digestive juices on food, the effects of rapid eating
on the nourishment of the body, the movement of the.
walls of the stomach during digestion, and the effect of
fatigue, of unhappiness, of worry, anger, and anxiety on
the normal progress of digestion.

Through this introduction to the subject prominence
is given to the change of food from solid to liquid form,
and to its absorption by the villi} also to the food require-
ments of the body under differing conditions of age and
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activity; to the value of bulk in the food supply; to the
functions of the liver and of the kidneys, and to the in-
fluence of alcohol in undermining their power for work ;
to the relation of sweat glands to bodily heat, and to the
interdependence of work, heat, and fuel in the operations
of the body.

These and other related topics have been brought to
the notice of the students of this volume with the hope
of imparting such enthusiasm for personal health and
such clear notions of how to secure it, that the bodies
of growing children may be strengthened as well as
straightened, that lives may thereby be lengthened, and
that through increased physical well-being the sum of
human happiness may itself be increased.

Not merely is it the purpose of this series to teach
scientific facts, but also, and especially, so to arrange
and present these facts that from page to page they
shall hold the reader’s close attention and inspire per-
sonal loyalty to the laws of health. To further this pur-
pose side headings have intentionally been omitted, so
that each chapter may make its first appeal to the reader
as a unified whole rather than as a series of disjointed
fragments. While the disadvantages of side headings in
interrupting the continuity of thought have been avoided,
all their advantages are secured through the questions at
the end of the volume, which, in a better form, answer
the same purpose.
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In so far as possible, the instruction of this text-book
is everywhere reénforced by illustrations. Some of these
are from photographs supplied by the author, others
are coples of such as are already in wide use, while
still others have been secured through the courtesy of
the authors and publishers of notable investigations.
Special mention should be made of indebtedness to the
American Journal of Physiology for illustrations used
by Dr. Cannon in his article on “The Movements of the
Stomach studied by Means of the Rontgen Rays” (1898),
and to Professor Chittenden for photographs of the
soldiers with whom he carried on his food experiments.

Other valuable illustrations have been reproduced
from Practical Hygiene by Alice Ravenhill, from 77%e
Human Mechanism by Theodore Hough and W. T.
Sedgwick, from Alcokol and the Human Body by Sir
Victor Horsley and Mary D. Sturge, and from Unser
Korper by F. A. Schmidt. To each of these and to
many other important works this little book is indebted
not merely for illustrations but also for valuable facts
which have been used in the preparation of its sub-

ject-matter. F.G.]J.
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CHAPTER 1
BONE AND MUSCLE RECORDS

Many cases are on record where a man has tried to
hide his face when he thought his photograph was to
be taken. He has seemed to understand that the photo-
graph might betray him some day and lead to his being
arrested again.

But some of our largest cities have adopted a new
and surer way of keeping a reminder of their captured
men. They measure each man carefully in different di-
rections, — height in standing and in sitting, distance
from the outstretched finger tip of one hand to the out-
stretched finger tip of the other, length and width of
head and face and right ear, length of left foot, of left
middle finger, and of left forearm. Scars are noticed and
recorded; also the color of the hair and eyes, the shape
of the nose, the number of teeth, etc. -

In addition, the photograph is taken. And, queer
though it may seem, the photograph is less important

than the measurements in identifying a man if he is
1
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ever arrested again and brought to the police station.
The reason is that our bone measurements do not
change after we are twenty-two years old. Ever after

TAKING THE_LENGTH AND THE
WiIDTH oF His HEAD

A caliper compass is used

that the size of face and head,
the length of arms, of fingers,
and of legs are all as they will
continue to be until we die.
This, then, is a sure and
sensible way of keeping the
record of a man. When a
criminal arrives at the police
court, no matter how violently
he declares that he has never
been there before and that
this is his first offense, the
officers measure him at once
and also search their written
records. If they find there any
set of measurements which 1s
a duplicate of those just taken,
all the man’s denials are in
vain. Those officers know that
never yet have two people

been found who had precisely the same dimensions for
all the bones which were measured.

It takes but ten minutes for the officers to get their
record of a man — photograph and all. But it took the
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man himself twenty-two years of life to make that body
which-is now his physical record of himself.

As a rule the body of a baby is very perfect; but even
in its cradle and before it can
walk a step or speak a word it
begins to receive daily training of
muscles and bones, of eyes and
hands and brain. During these
early months also older persons
feel great responsibility for the
child.

Notice any nurse or careful
mother with the baby in her | .
arms. See her hold a firm hand
against the back of the head as
she supports the backbone and
holds the child up for a look at
the world. She knows, as the doc-
tor does, that for months there is
more cartilage than bone in the
supports of that small body, and
that, while bones are in this con- i pis back against the up-
dition, they cannot be trusted to right scale they measure the

. height of his trunk
do independent work. :

Later, when the baby begins to walk, notice how
anxious the same mother is lest the legs of the child
be used too long at a time. Her fear is that those bones,

SEATED TO BE MEASURED
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which are even now partly cartilage, may be so trained
as to disgrace the body later in life. She may have heard
that bowlegs often result from a disease called rickets,
but she also fears lest, even without the disease, bowlegs
may come from early walking; and she hopes to make
it impossible for any child of hers to chide her with bow-
legged records when he is grown. She knows that the
younger the child the more
promptly do bones bend in
this direction or that, ac-
cording to the treatment
they receive or the use
they are put to.

Indian mothers have
known this for centuries. A
certain tribe that admired
flat-headed men used to se-

THeE MippLe FINGeR 1s MEASURED cure these heads for their
BY A CALIPER COMPASS

boys by a clever contriv-
ance. They simply fastened a board by a hinge to the
head of the cradle and allowed it to press down upon
the forehead of the baby whenever he was strapped in
place. As months passed the small skull not only con-
tinued to grow but also set itself hard and firm in the
desired shape. And, once firmly set, there was never
any hope that the grown Indian could restore his head
to the perfect shape which it had when he was born.
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Even by accident bones often take on some unex-
pected and undesired shape. A man whom I know
had a narrow escape from a fate of this sort. As a
baby he suffered from colic, and his mother found that
he was quietest in his crib ‘
when he lay on his stomach
with the right side of his face
on his pillow. Day after day,
therefore, he slept in the same
position. Then, to her dis-

may, one morning his mother
noticed that his head was a
queer-looking thing. It was
slightly flattened on one side
and well rounded out on the
other. She was in despair at
first, thinking that her child
was perhaps deformed for life.
But her good sense told her
that there was one thing to  CHINoOK BaBY IN HIS CRADLE
do. She saw that the change ;fehle ?eigh}:.“.htis f°;1e}f;‘d (‘fig
P turn him into a na eade

in shape was due to the fact Indian

that the child lay always with the same side of his head
against the pillow. That side had been under pressure
while the other side had been growing. She therefore
tried to improve matters by making the youngster sleep
with his face turned the other way on his pillow.
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For hours the first night the baby could not sleep.
He cried and even screamed. But he was so young, so
small, and so weak that he could not raise his own head
to turn it over. He was really at the mercy of his
mother; and the more she thought about it the surer
she was that to restore the shape of his head she must
compel him to sleep in a different position. Conse-
quently she was firm, and in the course of a few days
the boy could sleep as well on one side as on the other.

For many days, however, there was no change to be
-seen in the queer little head. Nevertheless, after three
months the reward came. The woman saw that the
flattened side of forehead and head had grown out as
full and round as it should be. The two sides were
alike once more. She had learned her lesson, and
thenceforward the baby lay in his cradle with his face
turned about as often to the right as to the left. To-day
that boy is a college student. He weighs one hundred
and eighty pounds, and his head is as well shaped as
that of any member of the junior class. He has his
mother to thank for this; for if he had had his own
baby way, he would have ended with a head so queer
that he would have been ashamed of it. And, worst
of all, by the time he himself had made the discovery,
the bones of his skull would have been too firmly set
to be changed. Thus some of our bones and muscles
are trained by other people before we are old enough



BONE AND MUSCLE RECORDS 7

to make decisions for ourselves. Yet, whoever is respon-
sible for results, two laws of bone growth should never
be forgotten: '
1. Many bones can be compelled to take a bend
in this direction or that while the child is growing.
2. Almost no bone can be forced to make a new
bend after it is twenty years old.

But there is other training which is more complex and
for which we ourselves are responsible. |

On a certain day two boys entered the same shop
and asked for work. The first boy was refused, the
second was accepted, and the explanation lay with the
bones and the muscles which had made different rec-
ords for the two bodies to which they belonged. The
first boy walked with a shuffle and had a slouching
body. Before he had spoken a word the business man
who met him was unfavorably impressed and ready to
reject him.

The second boy walked as if he respected his body
thoroughly. His head was erect, his shoulders well
squared, and each muscle gave the impression that he
‘was in the habit of doing things with energy. This
boy was accepted as promptly as the first was refused.

Imagine a man who needs the help of other men in
carrying on some undertaking. Then try to picture the
sort of body that will serve him best. Think how his
success or his failure will be influenced by bone and
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muscle, by the way he stands and walks, by the way
he uses his back and arms and legs and fect.

Let two women enter a store or a schoolroom, a thea-
ter or a church. Which will be served most quickly, —
she who shuffles as she walks, has crooked shoulders
and a head thrust forward, or the woman who steps for-
ward gracefully, who walks as if her body were her best
possession, as if it were her true representative? Surely
the second woman is queen wherever she goes. With-
out question, at every stage of growth the body pro-
claims the story of what has happened to it and of all
that it has done with itself since it began to live.

The point of this chapter, then, is not that police
measurements of size and shape make very much
difference to us, but that it is more or less within our
own power, while we are growing, to make the records
which are to represent us the rest of our lives.

If a man by his own acts or his own carelessness
must live miserably in a shanty when he might have
lived gloriously in a palace, we are apt to blame him
more than we pity him.

The pages of this book will show that in a marvelous
way we are the architects of our own bodies. We shall
also learn how to help ourselves build the sort of house
that we care to live in,— the body which we are proud
to acknowledge and which we are glad to see labeled
with our name in full.



CHAPTER II

DANGER FROM THE SCHOOL DESK

For the sake of making discoveries about yourself,

stand before a mirror and study the
outline of your back, your chest, your
shoulders, and your legs. Try to stand
precisely as you do every day at home
and at school, so that you may get
a correct notion of the records your
bones and muscles have made for you
thus far in life.

Let your eyes be keenly critical. Are
you standing squarely on both feet?
Are your knees bent or straight? Is
your back erect enough to hold your
head up where it belongs, or does
your head droop forward so that your
chin sticks out too far in front? Are
your shoulders on a level with each
other, or is one higher than the other?
Is your chest rounded out like that of
a soldier, or is it flat and curved in

HE STANDS CORRECTLY

(Copied from Practical
Hygiene, by Alice
Ravenhill)

like a scoop be-

tween the shoulders? Rub your hand across your back to

9
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see whether or not a corner of a shoulder blade reaches
out like a young wing starting from the wrong place.

If you can give creditable answers to these questions,
your future course is easy. Simply keep on growing as

HE LESSENS HIS LUNG
CAPACITY
(Copied from Practical
Hygiene, by Alice
Ravenhill)

you have begun, and when your bones
are hard you will have the shape you
wish. If, on the other hand, you are
not perfectly satisfied with what you
find, rectify each item of your posture
separately, while you still look at your-
self in the mirror.

Stand as nearly as you can as fol-
lows: both feet on the floor, cach
bearing its own share of weight; both
knees stiff; both shoulders square and
on a level with each other. Draw in
your chin until the back of your neck
would touch a stand-up collar if you
had one on. Inhale a breath so full
and deep that your chest looks like
that of a drum major ready for his
regimentals. Now your back has its
correct shape for standing. It should

be slightly curved in its stretch from neck downwards.

Later in the day test yourself again. You are now
seated. Perhaps you are in the schoolroom. If you
have time for it, take different positions and note the



DANGER FROM THE SCHOOL DESK 11

feelings in connection with each. First, sit with feet
squarely on the floor, back straight, head erect, and
chest raised. Are you comfortable? Can you draw a
full, deep breath? Test this thoroughly.

Now slip down in your seat, curve your head for-
ward, let your back be bent,
let your chest fall in, and
once more try to take a full,
deep breath. Notice that
here in the schoolroom,

where your brain needs ox-
ygen for its work, you have
reduced your supply by the
way in which you have
doubled up your lungs.
For the sake of variety
take another position. Sit
with one elbow on the desk,
or with one foot drawn up
under you, or with some

bend at the waist line that HE CURVES HIS BACK AND CROWDS
HIS LUNGS

will give a twist to the spine {Copled roty Pradical Hygiens,
near the hip. The objec- s

tion to taking any one of these as the usual position is
that gradually the relation of the bones to each other
will be so altered as to give the body an undesirable
shape. In no wise does it harm any of us to twist this
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way and that, to bend as far as we can in one direction
or another. Indeed, all such exercise is most whole-
some, provided no one position is taken often enough,
or held long enough, to become a habit.

Sidewise twists which have become permanent are
receiving much attention from doctors and school ex-
aminers to-day. These men claim that although the
large majority of the curves are very slight, and al-
though most of them will, in all probability, never
become serious, still it is not safe to allow a curve
either to form or to increase after it is formed, because
we cannot tell what the outcome may be.

Dr. F. A. Schmidt, a scientific writer in Germany,
says that Dr. W. Mayer examined the backs of three
hundred and . thirty-six girls and found that one hun-
dred and eighty-nine of the number had what is called
lateral curvature of the spine. He found that girls
between seven and thirteen years of age had much
more trouble than those who were under seven, and
he concluded that the habits of sitting formed at the
school desk explained the difference, because the older
children had spent more hours, days, and years in the
schoolroom than those who were younger.

Another German investigator found that in a certain
group of children eighteen per cent of the boys and
forty-one per cent of the girls had these same curved
spines. This looks as if the girls of that group had
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been more careless than the boys in the way they sat at
their desks. Or it may be that the boys had saved them-
selves by taking more exercise out of the schoolroom.

In 1907, in the great school at Rugby, England, out
of one thousand boys be-
tween the ages of thirteen
and fifteen, four hundred
and forty-five were found to
have more or less of a side-
wise curve to the spine.

In America the same dif-
ficulty overtakes children in
every public school.

Those who hear these
facts for the first time are
apt to be filled with alarmed
surprise. They wonder why
boys and girls who start life
with beautiful, symmetrical
bOdieS, should be allowed to CURVED Back aAND HorLrow CHEST
develop backs with objec- (Copied from Practical Hygiene,
tionable curves in them. b ey

The answer is that, until recently, the world of think-
ing people has been entirely ignorant of the actual state
of affairs. Few have understood the close connection
between twisted backs and school desks. Now, however,
the connection grows plainer every day.
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Look round the schoolroom you are in and see how
many of the children are doing the best they can for the
spine. Draw your own conclusions from what you find.
Some schools are thoroughly wide-awake on this sub-

HE TwIsTS HIs BACK

If he takes the same position day after day,

some of the vertebree will finally become

wedge-shaped. Habits of the school desk
may thus change his shape for life

- (After Schmidt)

ject. They have regular
gymnastic exercises be-
tween recitations for the
express purpose of sav-
ing the children from
the harm which may
come through long-
continued sitting at the
desk.

It is absurd to grow
excited over the situ-
ation and to conclude
that we are about to be-
come a race of deformed
people,fpr now that both
causes and cures have
been discovered there
1s no remaining excuse
for any school of intelli-

gent children. Let them know the danger they run and

they will save themselves by the laws of prevention.
Follow for yourself the work of muscle and bone, and

understand what happens when a child gets into the
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habit of sitting at his desk with elbow up on one side,
shoulder lifted, and body half screwed round. Notice
that if you tip up one hip the spine curves sidewise

as a balance. If you raise one
spine accordingly. Evidently
each separate movement of the
muscles of the back brings its
result in the curves of the spine,
and the same curves, repeated
day after day at the same desk,
hold the bones and the cartilage
which lies between them in wrong
positions, until they are as truly
pressed into a new shape as was
the skull of the sleeping baby.
So far as health is concerned,
the main objection to these lateral
curves is that if they are allowed
to go on and become serious,
they will interfere with the suc-
cessful work of the large organs
of the body. Then, too, when a

shoulder it pulls the

CURVED BY THE WAY HE
1s HELD

If his nurse will carry him as

often on one arm as on the

other, no harm will be done
to the vertebrae

curve becomes permanent — although it may be small
—the nerves themselves are often affected by it, and
the body suffers at the point which is supplied by those
nerves. A person enduring this pain may not know its
cause, but his ignorance will not save him from suffering.
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When a medical inspector passes through the school-
room or makes his special examination of your body, do
not be alarmed. Even if he tells you that you have
a little trouble with your back, keep calm and self-

possessed about it; for in any
case of this sort the director of
physical training in your school,
or some one else who understands
the laws of muscle action, will
give you definite directions as
to what you are to do in the line
of gymnastic exercises. And by
being faithful in carrying out
these directions you will straighten
your back.

But prevention is best of all.
Children may save themselves by
being careful to balance the exer-

cises which they allow the muscles

NOTICE HIs SHOULDERS  f thair backs to take. All that is

If this position becomes a 4 3
habit, the boy will have a Needed is a little knowledge and

crooked body when he is 3 firm purpose. Whoever allows

himself to be shaped by undesir-
able habits of muscle and bone
will have cause for keen regret in later years. But he
who, in his youth, controls his habits and shapes his
b'ody with care, will never regret it. Four rules will help:

(Copied from Practical Hygiene,
by Alice Ravenhill)
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1. Do not sit day after day in the same twisted
position. When you have been seated in one way
for a while, then change and sit in some other way.

2. Do not carry a heavy weight of books on the
same arm back and forth from school every day.
Carry as few books as possible on either arm, and
let each arm do its share in holding the weight.

3. Do not carry a baby brother or sister on
the same hip every day. The weight just there
will tend to give a wrong twist both to your back
and to his. :

4. If you must stand for hours at a stretch, learn
to rest one leg by using the other. Don’t let one
side sag down from habit. Change sides.

It is best to keep free from every form of spinal
curvature by prevention; but if, through ignorance,
you have been overtaken by it, you have a rare oppor-
tunity to prove for yourself what can be done with the
growing human body. You will succeed if you make
up your mind to it.



CHAPTER III
MUSCLES CONTRACTING AND STRETCHING

The coal heaver round the corner has a superb set of
muscles over the working part of his back. They are so
well developed that, as he stands bent over his work, it
is evident that these muscles
give him a back of tremen-
dous strength. By their help
he shovels coal for hours at a
{ time through the days and the
weeks of the year. Moreover,
when he has finished his day’s
| work he does not seem over-
tired. He is still ready for his
joke and his laugh with his
children at home. He even
jokes at the expense of his
own back, for although it is
so well developed and so tire-
less, still the man himself frankly acknowledges that it
is sadly bent, and that by no effort on his part can he
stand straight or walk as would please him best. He

says that that is the price he has had to pay for the
18

BENT BY HIS WORK



MUSCLES CONTRACTING AND STRETCHING 19

kind of work he has chosen as a life occupation. More
people have round shoulders developed in some such
way than are troubled with any kind of lateral curvature

of the spine.

A bicycle rider whom I know
has a back quite as bent, although
from a different cause. It is mus-
cular, strong and efficient, but it
never looks well except when he
is working his legs fast on his
wheel. It is bent from the posi-
tion it has been allowed to take,
rather than from the work it has
done in that position.

Something must be wrong, how-
ever, and we wonder what it is.
Here are these men and multi-
tudes of others whose backs are
splendidly developed, but who are
so bent as to look almost deformed.
For years no one could entirely
explain the cause of the combi-
nation—the strong but bent back.

BENT BY BICYCLING

At last, however, close observation and logical reasoning
have made the case clear. I give the explanation in the
fewest words possible. The value of this explanation will
be measured for us by the use we make of the law:
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Muscles stay in the position in whickh they do their
heaviest work.

A man of my acquaintance who travels a good deal,
says that when, for a few weeks, he carries his suit case
persistently with the same hand, that shoulder becomes
an inch or an inch and a half lower than the other,
while, at the same time it becomes stronger. This shows
how a muscle can be lengthened even while it is being
strengthened. '

Stretch a muscle out and work it hard, as a coal
heaver does when he curves his back over for the shov-
eling and the lifting of the coal, and those muscles, being
obliged to work hard, even while they are stretched, will
gain their strength in that position and will stay elongated
even when they are not at work. Let their size and their
strength increase while they are stretched and you have
given them their permanent shape.

Two oarsmen illustrate this law in opposite ways.
One does all his hardest rowing with a straight back, the
other with a back thatis curved. Their work continues
day after day until each back is as strong and as muscu-
lar as the other. But see what the results are. One man
walks as if he had spent his boyhood curved over a
school desk without a thought about what might be
happening to his spine. The other man looks as if he
might have spent those same years at West Point with
officers and fellow-students who compelled him to stand
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straight whether he wished to or not. Yet the boyhood
of the two men may have been the same. Indeed, the
difference just now lies entirely with the two positions
in which they did their rowing. Their muscles, when

they walk, simply betray some facts
about their recent history.

Look at the hand of a piano
player,—it is open because he al-
ways exercises it hard in that posi-
tion; and the hand of the oarsman,
—see how his fingers curl up as if
they were ready to grasp his oar
even when it is not in sight. An
oarsman’s hand tells the story about
his occupation.

From the man who digs to earn
his daily bread on the farm or in
the coal mine, to the man who
climbs a mast and risks his life in
the tempest, — through each occu-

BENT BY AGE

pation of life the muscles of the body are called upon
to do their hardest work in special positions. And it
sometimes seems as if numberless human beings would
have to submit to their fate and accept muscles which
their work has forced on them; for after a man has
chosen his life work he cannot leave it simply because
he objects to the shape which it is giving to his body.
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Fortunately, however, there is a happy outlook even
for such people as are obliged to work with their backs
bent, for there is another important fact about this law
of contracting and stretching. I give it concisely:

Brief, vigorous exercise tn the right position will undo
much of the harm of long-continued exercise i the wrong
position.

If a man who works in a bent posture all day will
spend five minutes a day in taking vigorous exercise
with his back straight, alternately tightening hard and
then relaxing the muscles of his back and neck, he
will find that, within one month, there will be an im-
provement. By this simple device a man may save him-
self from his rounded back and be able to hold his head
where it should be.

Let the oarsman who objects to hands that curve like
stiffened claws spend several minutes cach day in first
extending his fingers forcibly, then in relaxing them,
and he will be sure to see results.

From these facts we learn that by the vigorous exer-
cise of one set of muscles for a few minutes each day,
we may be able to overcome the harm which is done by
the long-continued plodding work of another group of
muscles. :

It often happens that the muscles of the chest be-
come thin and flabby for lack of exercise, even while the
back has become very strong. But these muscles may






CHAPTER IV
THE MUSCLE ITSELF

The audience was greatly interested, for the doctor
who gave the lecture had just said that, with very little
trouble, each man present
could increase the size of his
arm three quarters of an inch
within one month, and could
| increase his chest measure an
| inch and a half during the
| same length of time. Those
| who listened were business
men, and they were specially
pleased with the part of the
lecture which told them how
they might set to work to se-
cure this astonishing growth
for themselves.

To show what he meant, the lecturer asked his friend,
a medical student, to illustrate the points one by one as
he himself explained them. The student was well-knit
and well-built. No unnecessary fat concealed the shape

of his muscles, and he was ready to show the other
24

EXERCISE FOR THE BICEPS
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men what they also might do in behalf of their own
development.

For a while it sounded as if the whole talk were to be
a lecture on the size and shape of different muscles; for
the doctor asked his friend to show his muscles one after
the other in quick succession. “Now,” said he, “ show
us the effect on the biceps of rotating the arm; the
forearm; now the leg,— the big muscles; show that
tensor. Now again will you
go through four or five exer-
cises that bring into play in
succession first one arm, then
the other, and so on?”

The student acted on the
suggestions as fast as they
were given. His smooth back
and arms gave no sign of
separate muscles while he stood quietly waiting to be
told what to do. But as soon as he followed directions
and used arm, leg, back, or shoulders, there sprang into
view a succession of splendid muscles that seemed to
have been lying in ambush under the skin.

From his intense expression it was evident, however,
that in order to force these muscles into action and into
sight, the young man fastened his utmost will power
and attention on them. In doing this his joints had to
stiffen themselves for the stronger resistance, while at

‘WELL-DEVELOPED MUSCLES
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the same time the muscles of the entire body seemed to
be brought into active exercise. They worked together,
although the special force of each exercise was of course
centered on the muscle which was being developed.

In all this the student held no apparatus, but he used
arms and legs as if he were pulling against some invisi-
ble weight. He was, in fact, pulling against the force of
his own other muscles, — antagonistic muscles they are
called. Try this for yourself
with your forearm or with
your back. Decide to bring
out one muscle and see how
many others are called into
action.

The lecturer then explained
that muscles can be developed
in this way with no apparatus
whatever. He said that the
power lies in making certain muscles pull against their
antagonistic muscles. As he gave his directions he
added that muscles must pull as hard as possible for
a few seconds at a time, must then let go completely,
then pull again for a few seconds, and so keep up the
alternation for five minutes in the morning, for five min-
utes at night, and for ten minutes a day between times.
Men who proposed to develop arm or chest could, he
said, put in the extra ten minutes whenever convenient,

EXERCISE WITHOUT APPARATUS
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It seems that the different pulls do not need to be in
close succession, but may be slipped in anywhere during
the day. The whole process of developing a particular
muscle or set of muscles may
thus be carried on without
apparatus, without gymnas-
tics, without fuss or feathers
or display in any direction.
The student testified that
what he had done for himself
in this way had increased the
size of his own arm an inch
within a single month.

As for securing really big muscles, however, anything
enormous is a disadvantage rather than an advantage in
the health line. Still the fact
that up to a definite limit we
have the power to increase
the size of arm and chest and
leg proves once again how
truly each of us is master
and architect of the body we
are building.

But what about the material
itself — the substance out of which the body piles a
muscle into shape and compels it to increase in size
whenever it is forced to do unusual work?

HE DEVELOPS ARM MUSCLES

TAKING THE MEASUREMENT
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Get a piece of lean corned beef from the butcher;
have it boiled thoroughly; place a board over it and
press down upon it hard enough to squeeze out all the
liquid; remove the board, and with a needle of some
sort pick apart the fibers as well as you can. Pick them
away from each other
into finer and finer
threads until you think
you have reached the
limit in size.

Now if you can get
a good magnifying
glass, use it in examin-
ing one of these bits
of beef muscle. You
are able to pull them
apart because the out-
side wrapping of each
has been changed by
boiling.

However large or
small a muscle may be, and wherever that muscle does
its work, — whether in creatures that walk or fly or swim,
— every active muscle is made up of fibers wrapped to-
gether in bundles. Shapes are different; size varies from
those that draw an eyelid up and down to those that
kick a football to its goal; location is different; strength

MusCLES OF DIFFERENT SHAPE
(After Schmidt)
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and power of endurance are different; but each muscle
that has ever been studied has been found to be made
up of fibers. A few of these are
wrapped together as a small bundle.
Small bundles are gathered into
bundles that are larger. Large
bundles become larger yet; and
thus from smaller to larger are the
muscles built up. Each is a bundle
of other bundles; each is adapted
in size and shape to the special
work which it must do; and every INDIVIDUAL

tﬁglj 1 fiber in the bundles, R
B

=

.'e!if. areet o
] ;}_’1 large and small, is inclosed in its own sarco-
. IM. lemma. This sarcolemma, then, is simply an

- )

sl outer wrap which separates each fiber from
T all the others. In addition, however, there
\ '”/// !l is a close network of substance called con-
“;,‘ ]\.I // nective tissue, which holds the individual
d fibers together. In this connective tissue are
Expora the tiny blood vessels and the slender nerves
JLosens REE ahich supply blood and stimulus to each
{;1;};3:1{:21? smallest fiber of the largest as well as of the
help form the - smallest muscles of the body. Fine threads
of connective tissue also stretch away from

each end of the muscle fibers and help form the tendon.
Thus, although each separate fiber is a part of the muscle

ME
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as a whole, it also seems to be an independent small
center of power doing its own independent work.

The truth, however, is that no single fiber carries its
independence very far. Generally when its neighbors
receive your command to go to work, it receives the
same command. When they rest, it rests too. When
they are destroyed by suffering, age, or death, it endures
all that they endure. Yet, after all, the work of the mil-
lions of fibers which are held
together by connective tissue
in a single muscle is really the
sum of the work which the fibers
do separately.

More than this, it is the
amount of connective tissue be-

e Coveny e 2 bweehy Ahgifibere that wexplains
sarcolemma ; connective tissue the difference between tough
TR e and tender meat. With age and
with exercise this tissue gradually thickens its substance
during life until finally certain muscles become too tough
to be eaten without long boiling.

A spring chicken is tender because its tissue has not
been toughened by work. Tender steak comes from that
part of the animal which has had little exercise. When,
therefore, we speak of tough and tender meat we really
refer to muscles in which the connective tissue has been
toughened.

A BUNDLE OF MUscLE FIBERS



SUPERFICIAL MUSCLES OF THE Bopy

Each is fastened to bones that lie underneath
31
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These facts apply not only to the muscles of those
animals that are killed by human beings for food, but
also to our own arms and legs. Let an athlete bend up
his arm for your benefit. You may try to press it with
your hand and it will resist you almost like a piece of
wood. This is no mystery to you, for you understand
that each fiber in that muscle has been toughened by
use. If the muscle itself were found in the shop of a
butcher and were offered for sale, a wise cook would
refuse to buy it. He would complain that even boiling
would not make 1t tender.

These muscles which we have been studying belong
to the skeleton. They are always attached to bones and
are therefore called skeletal or voluntary muscles. There
are indeed two classes of muscles:

1. Voluntary muscles, of which there are five
hundred. They are called voluntary because each
is under the power of our will. Through them we
walk and run and climb and swim; through them
we talk and sing and play the piano and cover our-
selves with glory on the athletic field. They serve
us when we give our commands. Not so, however,
with the second class.

2. Involuntary muscles. These form the heart
and are also in the walls of the arteries and of the
alimentary canal, — the food tube. They are deaf
when we command, but they continue to be busy






CHAPTER V
STIFF SUPPORT FOR GROUPS OF MUSCLES

A certain teacher who owned a skeleton was in the
habit of throwing it over his shoulder when he carried it
from the storeroom where he kept it to the lecture room
where he showed it to his students. And as he walked
it hung from his back as a clattering set of dangling
bones. It is true that the separate bones were held to-
gether at the joints by artificial contrivances; but that
was all. By no chance could the skeleton have stood
on its own unaided legs. Those who saw this group
of bones for the first time understood as never before
that bones are as dependent on ligaments and muscle
to keep them together as are tendon and muscle de-
pendent on bone to hold them in place.

Examine a bone fresh from the butcher’s. Notice the
outside, — firm and closely woven, as it has to be, to
supply a surface for muscles to hold to. Look at the in-
side. There we find looser texture. We know now how
it happens that the bone is not only large and strong
but light and firm. It is indeed by no means a solid
thing. A magnifying glass shows the spaces even better

yet. You may now sece smooth channels on the outside,
34
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along which the blood vessels ran, and tiny openings
from the surface to the interior, into which the smallest
blood vessels went, to keep up the life of the bone.

A chemist will take the same bone and study it in
another and a different way. He will keep it in acid
for a while and will then tell us that he has taken
all the lime out; that he
has left nothing but gela-
tin. He may tie it into a
knot and let us see how
pliable it is. Taking an-
other bone, he will hold
it in fire for a while, and
when we touch it the
whole structure will go to
pieces like a heap of ashes.

« o d ”
Blood vessels and nerves run through the That is mOStly hme’ he

canals, and these canals are joined to each will tell us e, have
other by channels yet more minute :

BONE cUT LENGTHWISE (4) AND
CROSSWISE (5)

burned out the organic
matter which becomes gelatin when boiled.” A cook
will take a bone with no meat on it, will boil it for
several hours, set the liquid away to cool, and when it
is cold she will have a thick jelly to add to her soups.
It is gelatin made from the bone. From these and other
experiments we learn that bones are made up of lime
and of an animal substance, which becomes gelatin after
being cooked. We also learn that in old age bones
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contain the most lime, and that the younger the child
the less lime is there in his bones.

It appears that the proportion of lime increases from
* year to year through life, until finally the entire system
of bones becomes too brittle to make it safe for aged
people to risk even so small a thing as a tumble on the
sidewalk. Many an older bone has snapped off short
where a younger bone would have saved it-
self by bending a trifle.

This brings us back to the subject of the
reason why children have the power to in-
fluence the shape of their bones while they
are young. The-animal part not only pre-
vents bones from being brittle, but it keeps
them pliable.

TIED IN A
Knor
Knowing this fact, I applied it to the case ¢ acid has

of a friend of mine. She was getting a hol- takzloglf-;tﬁme
low chest and I told her how to save herself.

“It will be hopeless after you are twenty,” I said. “ But
you are only twelve now. Your bones are still pliable.
If you will raise your chest with vigor, fill your lungs
with air, hold yourself in this position for three or four
seconds at a time and do it many times a day, you will
compel your bones to take the shape for which you
will be thankful the rest of your life.” I suggested that
she give special attention to the matter on the way to
and from school each day. She liked my scheme so
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well and practiced it so faithfully, that within a month
the curve of her chest had improved. Cities are full of
women who, if they could thereby im-
prove their appearance, would gladly
take hold of their bones one by one,
and pinch and pound them into a de-
sired shape. Such women have grown
up without knowing what we have
learned already, that during youth,
through the aid of muscles and firm
determination, the relation of bones to
each other may be quietly turned in
this direction or that according to our
own desire.

Although young bones are pliable,
they are nevertheless firm enough to
be the central support of the entire
body of the youngest child. See a
7 baby kick his small legs and thrash

A his arms about. His bones are not yet
THROUGH LENGTHWISE strong enough to bear much weight,
The outer layer is com- ¢ they supply just as many points

pact and firm, the inner

substance is a network for muscles to hold to as do older

of canals and spaces; c

(s e ones Boih ight | NOTIES: They also have just as many
40N different shapes as they will ever have.

Each bone is as important to the body of a child as to

that of a man, and ignorance about them is a misfortune.
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In so far as you can, feel of your own bones and de-
cide for yourself why each has its own particular shape.

You will find long bones for legs
and arms; flat bones for shoulder
blades, breastbone, and hips; curved
long bones for the ribs; curved flat
bones for the skull; and you will dis-
cover that these latter are so close-
ly joined together that your head
seems like a solid,single bone. There
are queer, jagged bones, one above
the other, in a column for the back,
and many small bones of hand and
foot deftly held together, each doing
its part in stiffening up the body
and in making it serviceable to us.

Baby and man alike have the
same number of pieces to the skele-
ton, but the names of our two hun-
dred separate bones are of no vital
importance to us. Still the picture
gives a few, because it seems almost
discourteous to label such useful
articles as nothing more than long
and short and flat and crooked bones.

Cervical

Thoracic
(or Dorsal)

Lumbar

J Sacral

A SIDE VIEW OF THE
SpiNaL COLUMN

Each group of vertebra has
its special name

Most important of all, perhaps, is the graceful column
of the spine. Many a man has lived for years without
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an arm, without a leg, without bones of various size and
shape; but no man has ever been able to live for a
moment without that pile of thirty-two small bones
that holds his head erect, that
keeps his ribs in place, and that
guards the treasure of his spinal
cord.

In this spine each separate
vertebra 1s held to the one above
it and to the one below it by

VertEBRA SEEN FROM  muscles and ligaments on each

ey side, and because of their muscles
and ligaments these individual vertebree are no more
responsible for the shape they take, or for the twists and
curves they join in making when a gymnast bends his
back from side to side, than are
the dumb-bells and the pulleys
which the same gymnast uses; for
the bones of the spine simply rock
back and forth upon each other
according as muscles on this side
or that give the needed pull.

Just here recall a few facts. As
we know, young bones are largely
cartilage; they take new shapes if they are put under
special, oft-repeated pressure. A.child at a school desk
easily gets into the habit of sitting with the vertebrae

VERTEBRA SEEN
FROM THE
SIDE
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pressed against each other at the same angle every day.
Small muscles do the pulling; they grow strong as they
are exercised. In the meantime, also, the separate verte-
bree are yielding to pressure. On one side they are grow-
ing thinner; on the other side, not being pressed upon,
they grow thicker. The result is inevitable. Some of

BLOCKS TO SHOW HOW THE VERTEBRA ARE HELD TOGETHER
BY LIGAMENTS AND MUSCLES

/, ligament; 2, muscle

the bones of the back will become wedge-shaped; and,
sad to say, a back that has developed wedge-shaped
vertebrae — vertebrae that have kept their wedge-shape
until they are hardened for life —can never hope to be
straight again.

Certain other bones may, however be changed by
what they are compelled to do. Suppose you decide
that you wish those that are larger and rougher. You



WEDGE-SHAPED VERTEBRZAE

Pressure was too often on the same side

42






CHAPTER VI
BONDAGE AND FREEDOM FOR THE FEET

As I looked at the small, deformed feet of our friend
the Chinese lady, I easily imagined what had happened

CHINESE SHOES Two AND A HALF INcHES LoNG

The huge ankle shows how deformed the foot really is

to the bones that made up the bulk of the hugé ankle

above the shoe. No one saw this ankle. All we saw
44
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was the dainty, handmade shoe two and a half inches
long, embroidered in silk of lovely shades, and made of
cloth and silk above a leather sole.

For hundreds of years Chinese custom demanded
that all the women of the upper classes in the empire
should hobble through life on deformed feet. Some feet
were larger, some were smaller, but in certain regions
the most stylish shoes were two and a half inches long.
This, then, was the size of foot which the ladies wished
to have. To secure it, a mother began to bmd the feet of
her daughters
when the girls
were five or
six years old.
Often the girls
themselves
wished to have this done. Nevertheless the bandages
were drawn so tight that, night after night, young girls
have cried themselves to sleep in China because their
feet in their bandages hurt them so.

Almost never, however, were the bandages left off.
They were changed from time to time. But when they
were put on again they were pulled ever tighter, until,
in the course of years, the child secured the foot which
could never again help her by the movement of the
bones which formed it. The toes had been drawn in
under the foot; the heel had been drawn forward to

THE BoNEes oF THE Foor
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meet them; muscles and tendons had been kept from
growing, while the bones themselves had been obliged
to take strange new shapes as they fitted themselves
into such space as they could get.

When I saw my friend the Chinese lady, her feet were
set for life. They gave her little discomfort, and she her-
self now took entire charge of their binding. Until she
dies, however, she must hobble through her duties and
her pleasures almost as helpless as if
her feet were cut off at the ankles.

Fortunately for China, the
government has now for-
bidden foot
binding
throughout
the empire.
A IsTE,
therefore, the girls of the land may sleep in comfort,
and the future ladies of the Celestial Empire may walk
about with such ease and grace as can only come when
the entire foot is at the service of the body.

Even in other lands than China there is often lack of
comfort, while very often all trace of grace is also lack-
ing. When you see your own bare foot to-night com-
pare its natural shape with the shape of fashionable
shoes. Remember the following facts and decide what
the sensible course of action is:

BONES AND LIGAMENTS OF THE FOOT AND ANKLE
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1. Each foot is made up of twenty-six small bones.

2. These bones are joined to each other by liga-
ments and muscles.

3. No foot can be in thoroughly good order, neither
can it exercise itself with ease, unless each muscle,
bone, and ligament is allowed to move with freedom.

4. If the arch of the foot is flattened, health is
apt to suffer. Indeed, it is so serious a matter to be
lﬁat f9oted that men with th.ls é% §
andicap are refused admit- ==78, =
tance to the United States
army. Test the condition of
the arch of your own foot by
dipping the bare sole lightly
in water, then pressing it on
blotting paper. The imprint
made will show whether the O T

foot is flat or arched. Those 4 anarchedfoot; 5,2 flat
who stand still for hours every fct

day are in danger of flattening
their feet. While they stand they should therefore
save the arch by resting the weight of the body first
on one foot for a while, then on the other. If you
have any tendency to flat feet, help yourself by the
following exercise. Stand with toes turned inwards,
and while in this position rise as high as you can
on your toes. Do this one hundred times, twice a

(After Schmidt)



48 THE BODY AT WORK

day; or, instead of counting, rise and fall on the
toes until the muscles are tired.

5. A young foot grows by day as well as by
night, and should never be cramped when it is in
use. This does not mean that a shoe should be too
loose for comfort. It means that the foot is one of
the most useful pieces of machinery we have, and
that we are in better health and have a more
graceful walk when our feet are not uncomfort-

ably hampered by our shoes.

A WoMAN’S FoOT DEFORMED BY FASHIONABLE SHOES
(After Schmidt)

It is a sad fact that multitudes of men and women
would be filled with confusion if they were obliged to
show the shape of the feet they have secured for them-
selves. The explanation of the shape lies, of course, in
the shoes they have worn.

The best health of the foot calls for attention to the
following points:

1. Wear shoes with soles as broad as your foot
is when you stand with no shoe on.

2. Do not lace your shoes so snugly about the
ankle that the pressure will interfere with the
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6. Keep the feet dry and warm, but, if possible,
avoid overheating them.

7. Be sure that your shoes are large enough to
give your toes as well as your ankle a chance to
move and to be useful when you walk.

When the school children of the world turn their seri-
ous attention to the subject, and put into practice what
they know about healthy feet and about shoes of the
proper shape, they will form an army which will have
the power to lead the fashion of the world in sensible
shoes.



CHAPTER VII
ASSISTANCE FROM JOINTS

During the summer of 1905 the following item ap-
peared in the New York Z7zmes.

ELEPHANT'S ANKLE SPRAINED

ALICE SLIPS ON A BANANA PEEL AND GETS A BaAD Twist

Alice, the big elephant in Bostock’s at Coney Island, has a sprained
ankle. It is a bad sprain, too, mainly because it is a big one; there
is nothing slender about Alice’s ankles. Alice was crossinga gangway
into the arena when she slipped on a plebeian banana peel.

Alice saved herself from falling by winding her trunk around the
leg of her mate, Roger. Alice’s ankle is now in a big‘plaster cast,
‘which makes her leg look like a huge fireproof pipe.

J

No doubt Alice, the elephant, suffered as much from
her sprained ankle as did my friend Alice, the human
being, who sprained her ankle at about the same time
by slipping on another banana peel. In each case liga-
ments that held the bones in their sockets and tendons
that held the muscles to the bones were more or less
pulled from their firm fastenings. And when a pull does
as much mischief as that, recovery is often slower than

in the case of a broken bone.
51
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LowgR LEG WITH ITS
MuscLES AND TENDONS

(After Schmidt)

Bend your own ankle in every pos-
sible direction and learn what you
can about it from your sensations as
you twist it. Draw up the muscles
in the calf of your leg so hard that
you think you feel the spots where
they are fastened to the bones above
and below. Now recall facts which
you know, and decide what is taking
place. Remember that muscles end
in tendons, and that it is by its ten-
don alone that a muscle is able to
move the bone which supports it.

For the muscle of the calf of the
leg, tendons are fastened to the lower
end of the thigh bone and to the heel
bone, and the work of contracting
is done between the two firmly held
points. Through this muscular con-
traction we walk and jump and run
to win the race or to take our exer-
cise. Tendons must be strong indeed
when they refuse to give way even
under the tremendous strain which
is put upon them. Follow the facts
about the biceps. It is fitted for one
particular kind of work, and it does
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its work through the help of tendons which hold one
end of the muscle to the shoulder, the other b
end to a bone of the forearm. When the
muscle contracts the lower bone is drawn up,
because, although the tendons themselves do
not contract, they cling to the
bones and thus help do the pull-
ing. Without tendons, indeed,
no muscle could ever move a
bone. Muscles of the back are 5 o
held to the spine, which they Z_ 1\ JECeE
control by tendons; neck mus. M i onet e v e
cles hold the head in place that the muscle is then thicker and
by tendons; and each of the &oe :
twenty-four ribs has its own supply
of muscles and tendons. By the
contraction of the muscles the ten-
dons pull the ribs up where we
wish them to be.

The serious part of strained ten-
dons is that the union of tendon
and bone is so close that, in a bad
MuscLes serwees THE Rips SPTAIN, the outside covering of the
When the musclés contract POne itself is -sometimes pulled

theribsare drawn up away with the tendon. When this
happens a sprain is a far more serious affair to cure
than a clean-cut bone break; for the broken ends of a
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bone knit together far more readily than do the torn
ends of a tendon.

After all, however, the ligaments and bone surfaces
are quite as important to us as the tendon, because they
determine the direction in which a bone must move.
Some of them allow movement in one direction, some

in another. Prove this for
yourself. By every twist that
you can make, try to decide
where your joints are and
what style of joint each one
is. You will find that some
work back and forth like a
hinge, while others have the
power to move back and forth
- and sidewise too. The differ-
ent kinds of movement are
the result of different kinds
MUSCLE ENDING IN TENDON; TENDON of jOintS- Each is needed in
IR O its particular place.

Sl L A Begin with the hinge joint
where your skull is joined to the upper end bone of the
spine. This allows you to bend your head up and down,
and nothing more. But just below, between-the next two
bones, is a joint of another sort. This allows you to turn
your head from side to side. Thanks to the two joints
acting as one, you can move your head in every direction:
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- Whirl your arm round and round and know that you
are using the most movable joint in the entire body. It
is a so-called ball-and-socket joint. The hip is supplied
with another of the same kind.

When we think of the work which the hip and the
knee have to do for us, and of the —
strain we are ready to put on them at
any moment, we understand why the
hip and knee joints should be among

Hip JOINT DRAWN OPEN

Notice the ligament which holds the ball in BONES AND JOINTS
its socket . OF THE LEG
the firmest and the strongest points of the whole body.
The knee itself is a wonderful structure. And here
we have an admirable chance to study ligaments. They
are firm and white and tough, being in all this quite like

v
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THE BAcK oF THE KNEE JOINT

(After Schmidt)

together in a definite relation, our
knees would bend backwards and for-
wards with equal ease, and walking \
would be forever out of the question.

Elbow as well as knee, fingers as
well as toes,—all act on the plan of

the hinge.

Two kinds of joints are thus seen
to be most prominent in the body of

tendons. Moreover, when
once torn they are as slow
to heal as is a tendon.
Ligaments do the work
of holding bones to each
other, whereas tendons
hold muscles to bones.
The great hinge joint
of the knee is supplied
with ligaments which al-
low it to bend one way,
but which absolutely for-
bid any bending in an
opposite direction. If it
were not for the stout
ligaments which
hold the bones

CUuT THROUGH THE

HINGE JOINT OF THE

man: (1) ball and socket; (2) hinge. ELBow






CHAPTER VIII
THINGS THAT HINDER STRENGTH AND SPEED

Various public schools were in a state of high excite-
ment during the spring of 1905. The following item in
the New York 77Zmes shows the reason for it:

Schoolboy athletes are to hold their contests on the roofs of the
available public school buildings in the boroughs of Manhattan and
Brooklyn. . .. Each school is to enter five boys in each individual
event, and two teams in each relay race. Medals will be given to first,
second, and third in each event, and a trophy will be presented to the
school scoring the most points.

Boys under thirteen, in these events, competed in the
potato race, the standing broad jump, and the relay race
for teams of four boys, each running twice across the roof.
Boys under fifteen had the same potato race, with running
high jump instead of broad jump; and in the relay race
of four boys, each ran four times instead of twice across
the roof. Boys over fifteen did other things in addition.

Throughout the spring of that year, wherever New
York boys could find a roof large enough or a space of
ground unoccupied, there they went for fun, for exercise,
and for trophies. But the doctors of the city, the fathers,

the mothers,and the teachers believed most in the exercise.
58
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They were sure that through it city boys might gain
the greatest prize of all—good health; and they were
more anxious to have the city turn hundreds of thou-
sands of boys and girls into healthy, well-developed,
long-lived men and women, than to have it turn out
a few wonderful athletes who should outrun and out-
jump all other boys in all other cities in America.

THE START AND THE FINISH OF THE HUNDRED-YARD RuUN

The truth is that never before in the history of the
world has so much attention been paid to the health of
children as in this twentieth century; for, in the first
place, the laws of health are better understood to-day
than ever before, and further, the children themselves
are learning to judge what i1s best for the body.

Perhaps city children need this knowledge most, for,
in some ways, they have most to contend against. In
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tens of thousands of cases real exercise for city children
is quite out of the question. City streets are too narrow;
they are too full of cars and carriages, of men and women
and hurrying business of every sort. In such places
groups of running boys and girls are a nuisance, — they
are impossible. And just because of this, athletic leagues
have been devised to help out the situation. The great
object of these leagues is to give wholesome exercise to
the bodies of such school children as are old enough to
take it. The way this is managed in New York City is
most businesslike :

1. The boys in each separate school of each of
the forty-six school districts are allowed to compete
with each other, and the best are chosen champions
of each school.

2. These champions compete with the other cham-
pions of the schools in the same district league, and
the successful school becomes champion of the dis-
trict. There is then a joyful celebration, to which
an officer of the city league comes. He not only
listens to the music and the speeches by the pupils,
but, at the proper moment, he too makes a speech
and presents to the school the trophy it has won.
Sometimes this trophy is a graceful silver cup,
eighteen inches high, bearing the date of the vic-
tory and the name of the school. Sometimes it
is a burnished bronze tablet to be hung on the
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school-room wall. In every case it is to stay with
the school for a year at least, and so long thereafter
as the school can continue to hold the champion-
ship of the district.

3. The champion school in each district league

competes with each of =
the other league cham- |
pions, and the victor
becomes the champion
school of the city. No
school in the league can
win a higher place than
this.

The beauty of these con-
tests is that, from the very
start, no boy feels that he
works for himself alone. In-
stead, each victory means

. 1 1 1 1 AN ArLL-RoUND CHAMPIONSHIP
VICtOI‘y for his school. Fellow- TroPHY OF THE PUBLIC SCHOOLS

students cheer him, for they ATHLETIC LEAGUE, NEW YORK

c e
know and he knows that he Y

has won success for them as well as for himself. For
this reason each boy is most anxious to get the best pos-
sible service from his body, and many boys are shrewd
enough to make a special study of the laws of success
and failure. They are ready to do such things as help,
and to avoid such things as may hinder, their success.
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This accounts for the self-denial which many of them
practice. They have learned that the best athletic train-
ers of college teams and of professional athletes through-
out the country strictly forbid their men to use tobacco
in any form. The boys also know that the reason for
this is the fact that tobacco so affects the heart as to
reduce a man’s ability to do his best muscular work.

A HicH Jump AT NINE CONSECUTIVE MOMENTS
To do his best his heart must be in good condition

(After Schmidt)

Boys have learned from these same trainers that alco-
hol is strictly forbidden because it reduces the power
of the muscles. Being keen enough to see that that
which helps college students and professional athletes
is precisely what will help them, the most determined
of these boys give up their cigarettes and do not so
much as begin to use alcohol. Multitudes of other
boys are, of course, still smoking cigarettes, but in
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thousands of these cases ignorance explains their wil-

lingness to do it.

Any class or school that is interested in making
scientific investigations for itself might appoint a com-
mittee to look into the school records and into the run-

ning and jumping records of
their smoking and their non-
smoking classmates. Inves-
tigations of this kind must
be carried on for months,
“or for a year if they are to
prove anything.

As a rule, at the end of
this time it will be found
that those boys who use the
most cigarettes are doing
the poorest work both in
the class room and on the
athletic field. The class or
the school that wishes to
make the best records will
therefore be forced to omit

MUSCLES TIGHTENED FOR THE JUMP

(After Schmidt)

from among its contestants all those who use cigarettes.
It will decide that it cannot afford to reduce its chance
for winning just because certain boys are either ignorant
about the laws of the body, or because they are already
victims of the cigarette habit.
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Why did the American army have to refuse hun-
dreds of men who applied and who were ready to face
death for the sake of their country? In a large number
of cases it was because these men had a certain weak-
ness of the heart which was brought on by tobacco, and
because, when a man’s heart is troubled in this particu-
lar way, he is not likely to be able to endure the exer-
cise which he will have to meet as a soldier. His heart
is not strong enough to risk it.

ﬁﬁ & ARAL

A HicH Jump FrOM ONE Foor

It shows the work done by different muscles from the moment the man
jumped until he stood on his feet again

(After Schmidt)

The same is true for athletes of every age and size in
whatever land they may be. He who is in the habit of
using cigarettes should be careful how he ventures to
do anything that will call for sudden, or violent, or vig-
orous use of his muscles and his heart. Although he
may still be able to run as fast and to jump as high as
his friend or his schoolmate who does not smoke, yet
the probability is that he has the sort of heart that the
American army often refuses to accept,— the heart that
no soldier can afford to own. And the man who 1is
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afflicted in this way cannot expect to do hls best on
the athletic field.

In this connection it is interesting to know what the
leading trainers of the country actually say about it.

Mr. Charles E.Courtney of the Cornell navy once wrote:
I have found in my experience that young men are much better off,
and do better work, without alcoholic stimulants than with them, and
they are, therefore, absolutely prohibited in our training. As to tobacco,

I believe young men do better work when not using tobacco than when
using it, and it is prohibited in our training here at Cornell University.

In 1900 Mr. McBride, captain of the Yale football
team, wrote:

It is absolutely necessary for a college or school athlete who is
striving to win a place on any team to have endurance; especially is
this true in rowing and football. This can be accomplished to the
greatest degree only by abstaining from the use of tobacco and alco- ~
holic drinks while in training for said team.

In 1901 Mr. Edwards, captain of the Princeton
football team, wrote:

There is nothing which goes to make a better athlete, nothing
which gives a man greater power of endurance, than total abstinence
from the use of alcoholic drinks. . .. No one is expected to use tobacco.
A man who is using tobacco and alcohol contrary to orders during the
season is easily detected, and is dropped from the squad.

In 1906 Mr. A. A. Stagg of the University of Chicago
wrote :

We have never had a really successful long-distance runner at the
University of Chicago who was a smoker, and several of our men who
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have been successful, like Lightbody, are most abstemious in their
training and do not smoke. The best sprinters and middle-distance
runners we have had have also been men who were very particular
about their training for several months of the year. . .. In football, as
in other endurance tests, there is no question at all in my mind that
the man who smokes does not come up to the level of the general run
of nonsmokers.

In 1906 Mr. Gianini of the New York Athletic Club
wrote :

My opinion is expressed best by stating that I forbid the use of
tobacco in any form by men under my charge while training.

The Arctic traveler, Nansen, was asked by a neigh-
bor, “ Did you take any alcohol with you when you left
the Fram to make your heroic expedition by sledges?”
“ No,” said Nansen, “for if I had done so, I should never
have returned.”



CHAPTER IX
THE HEART WHEN IT IS AT WORK

Let some one hold a watch and be prepared to make
reports while you and perhaps your friends test your-
selves in various ways. « ;

Stand with your finger
on your pulse at the wrist,
and let him who holds the
watch decide when the
counting is to begin. He
will say, “Get ready—now
—Dbegin.” When he says |
.that last word each child
should, for himself, start to
count the regular throb of
the pulse which he feels
under his finger. Let him
keep on counting until, at :
the end of one minute, the COUNTING THE PULSE BEAT
timekeeper says, “Stop.” You will then have your record.

If you are not excited, if you have not been exercising
hard beforehand, if you have made no mistake in your

counting, the number of beats which you feel will show
67
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what your regular everyday pulse beat is. This isan im-
portant point gained. You have secured your standard for
the standing position. You are ready for the next test.

Stand perfectly still, and, while the timekeeper follows
the time again, open and shut your hand as fast and as
g hard as you can for an entire
minute. Then once more count
your pulse. You may find that
| it has gained a trifle. This will
| depend on the vigor with which
you have worked the muscles of
| your hand. In any case, how-
ever, the muscles there are small
and you will not get much of
a result in the way of a more
rapid beat.

Turn, therefore, to the leg
m—) muscles of the body. Use them
He counts poTH PULSE BEAT vigorously. Let each child run

AND HEART BEAT . .
up one flight of stairs and back,
and at once count the pulse again. You will find a
marked change. From eighty or over at the start, you
have probably increased the count by one half or more.

In addition to the above tests make one more. Even
while the fingers of your left hand are feeling the pulse
in your right wrist, place your right hand over your
heart. You will discover that the pulse beat and the
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heart beat occur at the same instant. And now, if you
were not uncomfortably out of breath after the run up
one flight, try two flights for a second test and notice
that the number of beats has increased both at the wrist
and at the heart. You have proved for yourself that the
pulse beat may be depended on to show what the rate
of the heart beat is.

The following table shows what such exercise did for a
small class of children ina New York school. The letters
of the alphabet stand for the names of the children.

TESTS sHOWING EFFECTS OF EXERCISE ON THE
HEART BEAT PER MINUTE

Normal After Short,

Pulse Quick Run'
A . e S o R AT R O)
B . ERTR e S0 e Pt SOn T L TS0 hp)
(CA% S 7 STyt bl SR R 0 i S 00 3
D5 RO 3 e L R O S
E. A W o B N 1 )
Fgxs MG SIF RC e i A 2152/ O)
Eis AT ) el Ly 2 R S 1Y
HE A P s Tl Lo b I R e o
i s NS i T i o WA S )
J= S O Sy B oea riie)
K. ROCEERE e, Il £ B L
L. SRR ol L ST SR o )
M. RSB AMEE Ol s e TO
N . ol mpcm B & A S AT = il L

Each child was tested again within a minute after the
run, and already the pulse was found to be beating more
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slowly. This rapid return to the normal beat is the sign
of a healthy heart.

At different times, on different days, test yourself in
other ways. Count your pulse when you get up rested
in the morning and when you go to bed tired at night.
Count it before and after your cold bath in the morning.
Count it before and after any variety of exercise that in-
terests you. For example, run to school one morning,
walk to school another morning, and compare the results
of both with your standard. Compare the number of
beats of the heart that has done hard work with those
of the heart that has done light work, and learn to know
what gives your heart the most exercise. Knowledge in
this line will serve you well in deciding how to do the
most for yourself in the shortest space of time. What
you learn now will be applied in a later chapter.

It would be quite worth while to keep your different
records written down in a notebook of some sort for
future reference. Already, however, you have learned
that exercise makes the heart beat faster, and that the
larger the muscles are, and the harder the work you
give them to do,— running, for example, — the more
exercise will you give the heart. You have also learned
that the pulse may always be trusted to tell how the
heart is acting.

It is for this last reason that a doctor feels the pulse
of his patient. By the regular or the irregular beat of
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that pulse, by the way it hurries and by the way it
drags, he is guided in his judgment as to what the con-
dition of the patient is, and what ought to be done to
help him. The heart, indeed, is one of the vital centers
of our activities. We are well or ill, we live or die,
through the work which it does or fails to do. Yet the
ignorant are often misled by its action.

I am acquainted with a frail woman who supposed for
years that she had heart trouble. She judged this by
the fact that her heart beat hard and fast when she went
upstairs, and that she lost breath easily when she went
for a walk. Since she had heart trouble, as she thought,
she decided that she must spare her heart as much as
possible, — that she must do nothing that would set it
into vigorous action. At last she became so anxious that
she consulted a doctor, who assured her that her heart
was thoroughly sound. “It is weak, of course,” he said,
“but how could it be otherwise? You say you have
been afraid to take any exercise for twenty years.”
“Yes,” she answered; “I wished to be on the safe side.”
He smiled in a queer way and said: “ The safe side
would have been to give your heart a little energetic
exercise regularly. We need to train the heart just as
we train any other muscle of the -body. The simple
trouble with your heart is that you have never given it
a chance to get strong.” Being a sensible woman, my
friend began at once to follow the doctor’s suggestion.
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This, then, is one extreme to which a person may go.
On the other hand we have the bicycle rider who over-
taxes his heart so persistently as to injure it for life, and
the boys who run long or hard races before their hearts

’ have been trained for
such violent exercise.

It seems that the heart
isa sfrong, hollow muscle,
about as large as the fist
of the one for whom it
works; and that even
when it is not put under
extra pressure it does
more work than any
other muscle in the body.
It lies under the ribs, be-
tween the two halves of
the lungs, and keeps up
its beating from birth to

THE HEART AND ITS GREAT death It dOCS indeed
BLooD VESSELS : s h

We are well or ill, we live or die, by the take more exercise than
work it does or fails to do any Other muscle ; never-

theless, like every other muscle, additional exercise gives
it strength, while lack of additional exercise leaves it weak.

In training this important muscle we must remember
that most human beings have sound hearts that need to
be treated in a reasonable way.
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A neighbor of ours had taken no special exercise all
winter, but when spring came he began abruptly by
playing one set of tennis after another, without resting
between the different sets. The end of it was that for
many days and nights his heart kept up a rapid beat-
ing. For three weeks, indeed, s, %%
it refused to come down to
normal, and during this time
the man dared take no exer-
cise. He knew it would be
unsafe.

If he had been careful
to begin his tennis playing
gradually that spring, in-
creasing the amount from
day to day, he would have
done better work, would
have spared his heart the :
overstrain, and would have . F7F CHAMPION PIAYER AT &

CrITICAL MOMENT
saved himself those weeks of
time when he could take no vigorous exercise whatever.

Watch those who race to catch a train or car. By
the way they breathe you may know what the heart
is doing. You will also be able to tell which of the
running men and women have trained their hearts for
sudden sprints of violent work, and which are pressing
untrained hearts into unusual service. College students
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often run by the mile across the town and out into
the country. They are training not only the many
muscles of their legs, but also the one muscle of the
heart and their breathing apparatus. They wish to
train their leg muscles, while at the same time they
secure for themselves hearts and lungs that will be
useful as long as their legs are able to keep up the
running.

A doctor whom I know speaks of a man whom he
himself trained. He says:

When 1 took charge of him, the man could not run as far as from
here to the door without fainting. He simply had a muscularly weak
heart, excited by nervous shock and overwork, worry, deficient nutri-
tion, and lack of sleep. I first discovered that there was no organic
disease. Nothing but plain building up of muscle was needed. Then
I went to work and started to build up that muscle. I would have him
run a few steps and then lie down three minutes, then run a few steps
more and lie down. I stood by, keeping track of his heart, not allow-
ing him to do enough work to send it above one hundred and not letting
him run again until it got back to normal. I kept him at it half an
hour three times a day, from day to day increasing the doses; that is,
I stuck to the medicine, but I gave very small doses, — doses suited to
the strength of heart he then had. In three months that man could run
eight miles an hour with great ease and comfort. Since then he has
not known that he has a heart.

This doctor also speaks of a friend of his who ran up
eight flights of stairs because of a fire, and so over-
strained his heart that it has never been right since.
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The point of all this is that when the heart has done
what it comfortably can, and then has to do still more
work and keep it up, it stretches too much for its own
good. And worse still, if it is stretched badly enough,
it stays stretched. This is part of the trouble with the
overworked heart of the bicycle rider. Athletic trainers
understand these facts thoroughly. It is therefore as
much for the sake of the muscle of the heart as for the
benefit of leg muscles that they insist that only those
who have been trained for the contests shall be allowed
to compete in athletic games. Otherwise the untrained
person might faint in the midst of the sport, and this is
not only harmful to himself but qu.ite as unpleasant for
those who are watching the contest. '

The safe rule is to give the heart all the exercise it
can comfortably take at one time, and to increase the
amount as fast as its i)ower increases.

As a rule, the actual size of the normal heart is pro-
portioned to the work it has had to do. Animals kept in
cages and captivity have been examined after death and
their hearts have been seen to be smaller than the aver-
age heart of wild animals of the same species. In pro-
portion to its size, the heart of a stag is about twice as
large as that of a pig. The reasonis plain. The stag
lives by exercise which makes the heart work; the pig,
however, in his slow life, seldom indulges in any unusual
exercise.
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Provided the matter is not overdone, nothing is better
for heart development than exercise which calls for en-
durance. A quick run for a minute or a good jog trot
lasting five minutes are as good as anything that can be
devised. Run as you go to school in the morning; run
on the way home at night. At each time run a little,
then walk a little. Run only so much as you can
quickly recover from. Indulge when you can in a good
outdoor game. By your pulse beat and by the way you
keep your breath or lose it, you will know what you
may do. It is much better to begin with too little exer-
cise than with too much, for you are going to make
steady gain whatever your starting point is; and you
gain most by going moderately at first.

Throughout his entire life, he who has a well-devel-
oped heart will also have more vigor, more power to
endure, more courage than he otherwise would have.



CHAPTER X
DISCOVERIES BY A GRECIAN AND AN ENGLISHMAN

Certain facts about the connection between the heart
beat and the pulse are so well known to-day that we are
in danger of forgetting the debt we owe to two great men,
— Galen the Greek, and Harvey the Englishman.

Before Galen was born in the year 130 A.p., learned
men did indeed know that life stops when the heart
stops beating; they knew that the blood of the body
is contained in tubes; they saw that these tubes are
largest near the heart and that they divide and con-
tinue to divide until each muscle and organ of the body
is provided with its own unfailing blood supply. They
also studied t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>